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Colliding galaxies reveal dark matter

Where did we come from?

What is everything made of ? What holds it all together ?

Why do we exist?



What is Particle Physics ? 

Particle Physics = Study of 

Fundamental Laws of Nature

governed by still-mysterious union of 

Quantum Mechanics + Spacetime

We are about to take a journey into the world of Black Holes:

V They allow us to probe extreme conditions and fundamental physics

V They are influential for formation and evolution of galaxies



What is everything made of ? What holds it all together ?



What is Universe made of ?

to understand the very first moments of our 

Universe after the Big Bang

Today
13.7 Billion Years, 1028 cm

Todayôs Scientific Challenge

What 

happened 

then ?

Big Bang

How particle collider

and telescopes relate? 
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We are entering a golden age of 
synergy between studies of the very 
small and the very big.

Extra dimensions may solve many 
known fundamental problems.

PHYSICS OF TWO INFINITIES



LHC studies the first 

10-10 - 10-5 secondsé

QCD phase transition

(quark gluon plasma)

Electro-weak phase 

transition (Higgs,é)

Brief History of Our Universe and Physics at LHC



Matter Content of Our Universe

ĄWe know only 5% of it ...

VDark Matter (27%) Ą Can be detected only from its 

gravitational effects

VDark Energy (68%) Ą Expansion of Universe is faster 

than ñexpectedò (Big-Bang + relativity) 



If, in some cataclysm, all of scientific knowledge

were to be destroyed, and only one sentence

passed on to the next generation of creatures,

what statement would contain the most

information in the fewest words? I believe it is

the atomic hypothesis that all things are made

of atoms ðlittle particles that move around in

perpetual motion, attracting each other when

they are a little distance apart, but repelling

upon being squeezed into one another.

In that one sentence, you will see, there is an

enormous amount of information about the

world, if just a little imagination and thinking

are applied.

ïRichard Feynman



RICHARD FEYNMAN

Thereôs Plenty of Room at the Bottom (1959)

άThe principles of physics do not speak against the 

possibility of maneuvering things atom by atom.ò



ʂʚʘʥʪʦʚʳʡ ʤʠʨ ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʦʯʝʥʴ ʜʘʣʝʢ ʦʪ ʥʘʰʝʛʦ, ʧʦʵʪʦʤʫ ʝʛʦ 

ʟʘʢʦʥʳ ʯʘʩʪʦ ʢʘʞʫʪʩʷ ʥʘʤ ʩʪʨʘʥʥʳʤʠ ʠ ʢʦʥʪʨ-ʠʥʪʫʠʪʠʚʥʳʤʠ.ʋ ʯʝʣʦʚʝʢʘ 

ʩʫʱʝʩʪʚʫʝʪ, ʚʠʜʠʤʦ, ʛʣʫʙʦʢʘʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʩʚʦʜʠʪʴ ʚʩʝ ʷʚʣʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ ʢ ʧʨʦʩʪʳʤ, ʧʦʥʷʪʥʳʤ ʦʙʨʘʟʘʤ. ʋʜʠʚʠʪʝʣʴʥʳʡ ʬʘʢʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʛʦʨʘʟʜʦ 

ʪʦʯʥʝʝ, ʯʝʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʕʡʥʰʪʝʡʥʘ. ɺ 1959 

ʛʦʜʫ ʚʝʣʠʯʘʡʰʠʡ ʬʠʟʠʢ XX ʚʝʢʘ ʈʠʯʘʨʜ ʌʝʡʥʤʘʥ ʚʳʩʪʫʧʠʣʩ ʜʦʢʣʘʜʦʤçɺʥʠʟʫ ʧʦʣʥʳʤ-

ʧʦʣʥʦ ʤʝʩʪʘ: ʧʨʠʛʣʘʰʝʥʠʝ ʚ ʥʦʚʳʡ ʤʠʨ ʬʠʟʠʢʠè (çThereôs Plenty of Room at the Bottom: 

An Invitation to Enter a New Field of Physicsè), ʛʜʝ ʙʳʣʘ ʦʙʨʠʩʦʚʘʥʘ ʧʝʨʩʧʝʢʪʠʚʘ ʧʨʷʤʦʛʦ 

ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ ʠ ʬʦʪʦʥʘʤʠ. ʆʜʥʘʢʦ ʨʝʘʣʴʥʳʝ ʦʯʝʨʪʘʥʠʷ 

ʵʪʠ ʠʜʝʠ ʩʪʘʣʠ ʧʨʠʦʙʨʝʪʘʪʴ ʢ ʥʘʯʘʣʫ 80-ʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʩʚʷʟʠ ʩ ʠʟʦʙʨʝʪʝʥʠʝʤ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʪʫʥʥʝʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʦʪʤʝʯʝʥʥʦʛʦ ʫʞʝ ʚ 1986 ʛ. ʅʦʙʝʣʝʚʩʢʦʡ 

ʧʨʝʤʠʝʡ. ɺ ʵʪʦʤ ʤʠʨʝ ʘʪʦʤʳ ʚʝʜʫʪ ʩʝʙʷ ʩʦʚʩʝʤ ʥʝ ʪʘʢ, ʢʘʢ ʦʙʲʝʢʪʳ ʤʘʢʨʦʤʠʨʘ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʘʤ ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʠ. ʅʘʚʝʨʥʦʝ, ʵʪʠ ʠʜʝʠ ʪʦʛʜʘ ʠ 

ʩʘʤʦʤʫ ʌʝʡʥʤʘʥʫ ʢʘʟʘʣʠʩʴ ʩʣʠʰʢʦʤ ʩʤʝʣʳʤʠ, ʥʦ ʩʝʛʦʜʥʷ ʢʚʘʥʪʦʚʳʝ ʩʝʥʩʦʨʳ, 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʢʚʘʥʪʦʚʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʢʚʘʥʪʦʚʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ (ʢʨʠʧʪʦʛʨʘʬʠʷ) ʠ 

ʜʘʞʝ ʢʚʘʥʪʦʚʘʷ ʪʝʣʝʧʦʨʪʘʮʠʷ (ʧʝʨʝʜʘʯʘ ʢʚʘʥʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʘʩʪʠʮʳ ʠʟ ʦʜʥʦʛʦ 

ʤʝʩʪʘ ʚ ʜʨʫʛʦʝ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʷʤʦʛʦ ʧʝʨʝʥʦʩʘ ʢʚʘʥʪʦʚʦʡ ʯʘʩʪʠʮʳ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ) ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʦʪʢʨʳʚʘʶʪ ʜʚʝʨʴ ʚ ʥʘʰʫ ʞʠʟʥʴ. ʕʪʦ ʜʦʣʞʥʦ ʩʪʘʪʴ 

ʢʨʘʝʫʛʦʣʴʥʳʤ ʢʘʤʥʝʤ ʜʣʷ ʪʝʭʥʦʣʦʛʠʡ ʢʚʘʥʪʦʚʦʡ ʩʚʷʟʠ. ʇʨʠ ʵʪʦʤ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʩ ʧʦʤʦʱʴʶ ʢʚʘʥʪʦʚʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ, ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʟʘʢʦʥʘʤʠ ʬʠʟʠʢʠ. ʇʦʢʘ ʵʪʦ 

ʬʘʥʪʘʩʪʠʢʘéɺʦʟʤʦʞʥʦ, ʬʘʥʪʘʩʪʠʢʦʡ ʵʪʦ ʦʩʪʘʥʝʪʩʷ ʩʦʚʩʝʤ ʥʝʜʦʣʛʦé

The Quantum World of Particle Physics



5* Scientific Discoveries of the Last Decade

In Fundamental Physics 

Image Credit: 

National Geographic

VHiggs Boson

VGravitational Waves

VBlack Hole Event Horizon



ñAs a layman I would now sayé I think we have it ï

It is a Discoveryò  (Rolf-Dieter Heuer,  CERN DG)

Both ATLAS and CMS Collaborations have reported observation of a 

narrow resonance ~ 125 GeV consistent with long-sought Higgs boson

What did we know on that day: it is most probably ñA HIGGS BOSONò 

Ą had to establish if it is ñTHE HIGGS BOSONò of the Standard Model

I. Higgs Discovery at Large Hadron Collider @ CERN (2012)



Abour 50 years and Billion(s) of Dollars ï

The ñGod Particleò is no Longer a Theory 



Determine Higgs properties as precisely as 

possible to address fundamentl questions:

é is it ñTHE Higgs Bosonò (of the Standard Model) ? or one of several ?

é its properties could give information on Dark Matter

é its properties could give first hints on Dark Energy


